C ognitive decline including mild cognitive impairment describes a heterogeneous condition with cognitive changes between normal ageing and dementia. Cognitive impairment can be promoted or caused by treatable somatic factors. In this review, three important cardiovascular risk factors, diabetes mellitus, hypercholesterolaemia and hypertension, and their association with cognitive decline, are assessed. Though there are many hints of a causal association between diabetes mellitus and the development of cognitive decline, definitive proof of a protective effect of antidiabetic treatment by controlled or randomised placebo-controlled studies is needed. In midlife, elevated cholesterol levels comprise a risk factor for cognitive decline. In elderly subjects, cholesterol levels decline and are not clearly associated with cognitive impairment. The evidence for treatment of hypercholesterolaemia by statins solely for prevention of cognitive decline remains unclear. There is an agedependent relationship between blood pressure and cognitive impairment. Midlife hypertension is associated with an increased risk of developing cognitive decline and antihypertensive treatment may therefore be beneficial, whereas hypertension later in life does not carry the same risk of cognitive dysfunction. Diagnosis of these somatic factors is essential in cognitive impairment, as diligent treatment may improve cognitive performance and postpone the manifestation of dementia. Br J Diabetes Vasc Dis 2010;10:115-122 
Introduction
Cognitive decline includes MCI which is defined as cognitive impairment greater than expected for an individual's age and education level but that does not interfere notably with activities of daily life. In contrast, dementia is characterised by more severe and widespread cognitive deficits that have a substantial effect on daily function. 1 MCI with memory deficits (amnestic MCI) has a high risk of progression to dementia, particularly of the Alzheimer type. 1 Incidence and prevalence of different predementia syndromes including MCI vary as a result of different diagnostic criteria, sampling, and assessment procedures. According to recent epidemiological data, the prevalence of MCI among the population aged > 65 years in industrialised countries is as high as 10-25%. 2, 3 The progression rate from MCI into dementia is estimated at about 5-10% per year. 4 Recent preventative strategies include the identification of risk factors and predictors among patients with rapid cognitive decline (MCI-plus). 5 As somatic co-morbidity often contributes to cognitive decline and somatic risk factors are modifiable, the early detection and treatment of these risk factors offers important opportunities to delay and to avoid the manifestation of dementia. 6 This review considers the association of important cardiovascular risk factors, i.e. diabetes mellitus, hyperlipidemia and hypertension, with cognitive decline, as most studies did not explicitly focus on MCI. Based on up-to-date references the value of possible therapeutic interventions is discussed. These risk factors contribute importantly to the modern concept of vascular cognitive impairment, which incorporates the complex interactions between vascular risk factors, cerebrovascular aetiologies and cellular changes within the brain and cognition. While cerebrovascular disease is preventable and treatable, it clearly is a major factor in the prevalence of cognitive impairment in the elderly worldwide. 
Diabetes mellitus
The association between diabetes mellitus and cognitive decline is supported by evidence from biochemistry, neuroimaging and pathology. The hyperglycaemia-induced mitochondrial superoxide overproduction leads to glucose-mediated microvascular damage. 8 A dysfunction of the insulin-degrading enzyme may result in both hyperinsulinaemia and accumulation of cerebral amyloid protein b, thus providing an association between diabetes and dementia. 9 Diabetes often develops in the context of the metabolic syndrome leading to the indirect ischaemic effects of diabetes-associated cerebrovascular disease. 10 MRI studies revealed a higher frequency of brain atrophy and a reduced volume of memory-relevant structures (hippocampus, amygdala) in diabetic patients. 11, 12 A large autopsy study detected more microvascular infarcts and an activation of neuroinflammation in demented patients with diabetes. 13 
Studies
Initial evidence regarding an association between diabetes and cognitive dysfunction was derived from several smaller casecontrol studies. Though these studies had some methodological problems, they demonstrated poorer performance in diabetic patients in at least one aspect of cognitive function, mostly verbal memory.
14 A systematic review of 14 longitudinal population-based studies assessing the incidence of cognitive decline revealed a higher incidence of dementia in the majority of studies but also criticised the lack of relevant confounders like hypertension, stroke and glycaemic control. 15 Additional prospective studies accounting for these deficits have been published and add further evidence that diabetes is an independent factor in cognitive decline (table 1).
In the osteoporotic fractures Research group which included 9,679 older women, controlled for several confounding factors and showed that diabetes was associated with greater cognitive decline. 16 The nurses' health Study followed 16,596 women, aged 70-81 years, for two years and included details about treatment and duration of diabetes. The study showed an increased risk of poor cognition among women who had had diabetes for > 15 years (oR 1.52; 95% CI 1.15-1.99) and for women not using any medication (oR 1.45; 95% CI 1.04-2.02). 17 Use of oral antidiabetic therapy may reduce risk of cognitive decline as diabetic women treated with these agents performed similarly to women without diabetes (oR 1.06 and 0.99). 17 In a subanalysis of data from a four-year randomised trial of raloxifene among 7,027 osteoporotic postmenopausal women the risk of developing cognitive impairment among diabetic women was almost doubled. 18 The Physicians' health Study II with 5,907 men and the Women's health Study with 6,326 women revealed that participants with longer duration of diabetes (> 5 years) had generally a greater cognitive decline. 19 More recent trials like the Washington heights-Inwood Columbia Aging Project focused on the relationship of diabetes to MCI and found a higher risk of amnestic MCI among diabetic participants. 20 hypoglycaemic episodes are an important barrier to the achievement of optimal glycaemic control. A large cohort study with 16,667 elderly diabetic people showed an association with the number of severe hypoglycaemic episodes and increased risk of dementia. 21 In contrast, a smaller study found no contribution of hypoglycaemic episodes to cognitive impairment, but reported a higher risk of hypoglycaemia in patients with dementia. 22 Limitations limitations of these studies include being restricted to special populations like women, 16 women with osteoporosis 18 or nurses. 17 Another common limitation is the ascertainment of diabetes by self-report 16, 17, 20 or even mailed self-report questionnaire. 19 The cognitive assessment was sometimes performed by telephone, 17, 19 which may be less reliable than examinations by qualified or trained assessors. one study introduced two additional cognitive tests during follow-up (Digit Symbol Test and Trails B test) but the only test used at baseline and follow-up (modified MMSe) did not generate statistically significant data. 16 The utilisation of confounders varied among the studies ranging from only a few confounders (age, education, race and depression) 18 to a broad spectrum of covariates (age, education and hormone use in women, baseline score, BMI, hypertension, hypercholesterolaemia, depression, smoking, alcohol and physical activity). 19 
Summary
Though there are many hints of a causal association between diabetes and the development of cognitive decline, definitive proof of a protective effect of antidiabetic treatment by controlled or even randomised placebo-controlled studies is still required.
Hyperlipidaemia
Pathological and experimental data suggest that cholesterol may play a role in the pathogenesis of cognitive impairment and REVIEw dementia (figure 1). 23 A relationship between amyloid deposition and serum hypercholesterolaemia in the human brain was detected in autopsy cases of patients older than 40 years. 24 An association between severe circle of Willis atherosclerosis and sporadic dementia was found among 54 autopsy cases. 25 
Studies on hyperlipidaemia and cognitve decline
The finnish CAIDe study evaluated the impact of midlife serum cholesterol levels on the subsequent development of mild cognitive impairment among 1,449 participants. After an average follow-up of 21 years, a midlife elevated serum cholesterol level Key: apo e = apolipoprotein e; BMI = body mass index; CI = confidence interval; DM = diabetes mellitus; hR = hazard ratio; lDl = low-density lipoprotein; oR = odds ratio;  = men;  = women at TU München on November 10, 2016 dvd.sagepub.com Downloaded from REVIEw (≥ 6.5 mmol/l) was a significant risk factor for MCI (oR 1.9; 95% CI 1.2-3.0) after adjustment for age and BMI. 26 In a retrospective cohort study of 8,845 participants, aged 40-44 years, high cholesterol was associated with a 40% (hR 1.42; 95% CI 1.22-1.66) increase in risk of dementia after 30 years. 27 The french Three-City-Study, a population-based cohort of 9,294 subjects, reported an increased risk for subjects with hyperlipidaemia (oR 1.43; 95% CI 1.03-1.99) independent of all major potential confounders. 28 In contrast to these trials, studies with participants of older age could not confirm this result of elevated cholesterol being a risk factor. In the Italian longitudinal Study on Aging with 2,963 participants (age 65-84 years), serum total cholesterol had a borderline (non-significant) trend for a protective effect. 29 A population-based cohort study with 2,356 participants, aged 65 and older, found no association between cholesterol and subsequent risk of dementia after adjustment for several cofounders (age, sex, education, baseline cognition, vascular comorbidities, BMI and lipid-lowering agent use). 30 In a crosssectional and prospective community-based cohort study including 4,316 Medicare recipients, 65 years and older, only a weak relationship between cholesterol levels and the risk of vascular dementia was observed. 31 Several reasons could explain the paradoxical situation that hypercholesterolaemia is apparently a risk factor in midlife but becomes a more protective factor in older age. hypercholesterolaemia in the elderly may reflect a good dietary status and overall health, whereas low levels of cholesterol could be the result of poor nutrition caused by cognitive decline or other medical problems. 32 
Studies with statins
The majority of observational and prospective studies suggested an association between statin use and cognitive decline, especially Alzheimer's dementia. 28, 33, 34 A population-based cohort study comprising 1,674 older Mexican Americans with a five-year follow-up found, after adjustment for several risk factors, that statin users were about half as likely as non-statin users to develop cognitive decline (hR 0.52; 95% CI 0.34-0.80). 35 In the prospective population-based Rotterdam Study with 6,992 participants and a mean follow-up of nine years, statin use was associated with a decreased risk of Alzheimer dementia (hR 0.57; 95% CI 0.37-0.90), compared with no use of cholesterol-lowering drugs. There was no difference between lipophilic (simvastatin, atorvastatin, cerivastatin) or hydrophilic statins (pravastatin, fluvastatin, rosuvastatin), but non-statin cholesterol-lowering drug use (fibrates, nicotinic acid, etc.) was not effective. 36 on the other hand, two large placebo-controlled trials found no positive association between statin therapy and cognitive decline. The hPS reported no protective effect of simvastatin on cognitive decline after five years among 20,536 high-risk vascular participants aged between 40 and 80 years. 37 In the PRoSPeR trial, which included 5,804 elderly high-risk vascular participants (aged 70-82 years), pravastatin had no significant effect on cognitive function. 38 A recent Cochrane review based on these two randomised trials concluded that statins given in late life to individuals at risk of vascular disease have no effect in preventing dementia. 39 Detailed analyses of the latter study designs might explain the negative results despite the large number of participants. Both studies were not primarily designed to assess cognitive function. neither included a baseline measurement of cognitive function, which makes an accurate evaluation of any statin effect difficult. 40 The final cognitive assessment in the hPS was performed by telephone interview which is less reliable. lastly, the hPS included midlife and elderly subjects, and thus the above mentioned age-dependent paradoxical influence of cholesterol level could have been neutralised.
Summary
There exists a bi-directional association between hypercholesterolaemia and cognitive function. In midlife, elevated cholesterol levels comprise a risk factor for cognitive decline. In elderly subjects, cholesterol levels decline and are not clearly associated with cognitive impairment. The evidence of treatment of hypercholesterolaemia by statins solely for prevention of cognitive decline remains unclear.
Hypertension
hypertension accelerates arteriosclerotic changes through atheroma formation in large diameter blood vessels and arteriolar tortuosity of small vessels. 41 These vascular changes lead to hypoperfusion producing discrete cerebral infarctions and diffuse ischaemic changes in the periventricular and deep white matter (leukoaraiosis) causing vascular cognitive impairment. It has been suggested that decreased BP reduces mechanisms contributing to generalised neurodegenerative changes, which may account for improvements in impairments on memory tasks. 42 A postmortem study detected substantially fewer neuropathological changes (neuritic plaques and neurofibrillary tangle) in medicated hypertensive patients compared with non-hypertensive controls suggesting a salutary effect of antihypertensive therapy. 43 
Studies
The results of 28 cross-sectional studies investigating the relationship between elevated BP and cognition showed conflicting relationships with positive, negative and J-and U-shaped associations. 44 Cross-sectional studies, however, are limited in determining the direction of an association because both exposure and outcome are assessed simultaneously.
longitudinal studies have therefore been suggested to be more appropriate in assessing the relationship between hypertension and cognitive function. The majority of 22 longitudinal studies demonstrated elevated BP to be associated with cognitive decline but some studies showed quadratic, J-and U-shaped relationships between BP and cognitive performance in addition to three studies showing elevated BP to be associated with improved cognitive performance. 44 observational studies may demonstrate associations but do not determine causality; the latter only being shown by intervention studies. nine completed randomised placebo-controlled clinical trials investigating the efficiency of antihypertensive treatment on the development of cognitive impairment have been reported. Three of these trials had fewer than 100 participants and a follow-up of less than one year. The remaining six major placebo-controlled studies showed conflicting results (table 2): The MRC trial of hypertension found no significant difference for change in cognitive function among 4,396 subjects who were randomised to receive hydrochlorothiazide plus amiloride, atenolol, or placebo over 54 months. 45 The Syst-eur Trial investigated, among 2,418 elderly people, whether treatment with nitrendipine, including the possible addition of enalapril, hydrochlorothiazide or both drugs, could reduce the incidence of dementia. The follow-up was only two years as the trial was terminated early because of significant differences in the incidence of stroke, the primary end point. At this time, active treatment reduced the incidence of dementia by 50% from 7.7 to 3.8 cases per 1,000 patient-years (21 vs. 11 patients, p=0.05), compared with placebo. 46 In the extended phase of this trial the evidence was reinforced that BP-lowering therapy initiated with a long-acting dihydropyridine protects against dementia in older patients with systolic hypertension. 47 SheP was conducted over an average of five years' followup involving 4,736 elderly persons with isolated elevated systolic BP. Participants on antihypertensive treatment showed a slight positive, but non-significant effect on cognitive function. 48 The SCoPe trial in 4,964 participants assessed whether candesartan therapy in mildly to moderately hypertensive elderly patients reduced cognitive decline. The result was non-significant as mean MMSe score fell from 28.5 to 28.0 in the candesartan group and from 28.5 to 27.9 in the control group (p=0.20). 49 PRogReSS included 6,105 people with prior stroke or transient ischemic attack who received either perindopril plus indapamide or matching placebo. After nearly four years, cognitive decline occurred more often in the actively treated group, but in the absence of recurrent stroke no clear effect on either dementia or cognitive decline was detected. 50 hYVeT-Cog assigned 3,336 elderly patients either indapamide (plus perindopril, if necessary) or placebo. After two years no significant difference between treatment and placebo groups was detected. 51 Altogether, four studies showed no protective effect, 45, 48, 49, 51 whereas two studies demonstrated some positive effect. 46, 50 The latest Cochrane review included four of these trials with 15,936 hypertensive subjects without any history of cerebrovascular disease, average age of 75.4 years and mean BP at entry of 171/86 mm hg. The combined result of incidence of dementia indicated no significant difference between treatment and placebo (oR 0.89; 95% CI 0.74-1.07). 52 on the other hand, a meta-analysis of the combined data of hYVeT, Syst-eur, SheP and PRogReSS showed a borderline pooled ratio favouring treatment (hR 0.87; 0.76-1.00, p=0.045). 51 
Limitations
Several limitations, even of these 'gold standard' randomised placebo-controlled studies restrict their interpretation or generalisation. for example, the proportion of placebo patients given active treatment was 27% in Syst-eur, 46 44% in SheP 48 and even 84% in SCoPe. 49 In PRogReSS, only a selected study population (prior cerebrovascular disease) was assessed. 50 The inclusion criteria, hypertension, varied between isolated systolic hypertension [46] [47] [48] and hypertension with different thresholds. 45, 49, 51 The observation period of two years for the assessment of cognitive decline was very short in Syst-eur and hYVeT-Cog. 46, 51 furthermore, differences within the antihypertensive drugs may explain the divergent results: 53 Data from animal studies indicate that an ARB (olmesartan) prevents beta-amyloid-induced vascular dysregulation and partially attenuates the impairment of hippocampal synaptic plasticity. 54 The Cardiovascular health Study Cognition Substudy revealed that centrally active ACe inhibitors (those that cross the blood-brain barrier, e.g. captopril or ramipril) were associated with a highly significantly reduced cognitive decline compared with other antihypertensive drugs. 55 In addition, the methods of assessing cognitive function varied among the studies; for example, in the MRC trial cognitive function was tested by the rate of change in paired associate learning test and trail making test scores over time, 45 whereas Syst-eur and SCoPe used the MMSe. 46 Considering the complex relationship between BP and cognitive function, the need for various assessments for evaluating cognitive impairment of differing aetiologies has been suggested 56 and the diverse results shown in both epidemiological and interventional studies may in part be explained by the use of a variety of cognitive instruments.
Summary
There exists an age-dependent relationship between BP and cognitive impairment. Midlife hypertension is associated with an increased risk of developing cognitive decline, whereas hypertension later in life does not carry the same risk. 57 evidence for a protective effect of antihypertensive treatment on cognitive deterioration remains controversial, although this therapy is in any case mandatory for its well-proven cardiovascular benefit. further open questions include the extent of antihypertensive treatment as current guidelines recommend a target BP of 140/90 mm hg. The duration of BP lowering therapy medication is not known but apparently for persons aged ≤ 75 years there exists an increasing benefit per year of treatment. 58 finally, the latency of a protective effect remains unclear and may carry potential risks as BP sometimes spontaneously declines in the years before dementia onset.
59

Conclusion
Though there are many hints for a causal association between diabetes and the development of cognitive decline, a definitive proof for a protective effect of antidiabetic treatment by controlled or even randomised placebo-controlled studies is required.
A bi-directional association exists between hypercholesterolaemia and cognitive function. In midlife, elevated cholesterol levels comprise a risk factor for cognitive decline. In elderly subjects, cholesterol levels decline and are not clearly associated with cognitive impairment. The evidence for treatment of hypercholesterolaemia by statins solely for prevention of cognitive decline remains unclear. An age-dependent relationship is found between BP and cognitive impairment. Midlife hypertension is associated with an increased risk of developing cognitive decline, whereas hypertension later in life does not carry the same risk. Cardiovascular benefit of antihypertensive treatment is well-proven, while its efficacy regarding cognitive performance remains controversial.
